The Isolation and Properties of a Lipoprotein Fraction Possessing
Haemolymph from late third-instar larvae of the blowflies Calliphora sp. (Karlson & Schweiger, 1961 ; Thomson & Sin, 1970) and Lucilia cuprina (Hackman & Goldberg, 1967) contains phenol oxidase in an inactive or proenzyme form.
The anterior end of a late third-instar Sarcophaga larva was pricked with a fine pin and the haemolymph released (approx. 5 0~1 )
was collected in an ice-cold tube. By using this method about 4ml was collected and centrifuged at 2700g for 15min to remove the haemocytes. The cell-free supernatant (plasma) was diluted tenfold with cold distilled water (Price, 1967) and left to stand on ice for 2-3 h during which time a yellow precipitate formed. Occasionally it was found necessary to adjust the pH of the diluted plasma to 6.0 before precipitation occurred. The precipitate was collected by centrifugation (2700g for 15min), washed three times in cold distilled water and dissolved in a small volume (2.0mI) of Ringer's medium, pH6.5 (Price, 1972) . This preparation, referred to as the enzyme preparation, is yellow and accounts for approximately 6% of the total plasma protein. Usually the freshly-prepared enzyme preparation possesses a low amount of catecholase activity, but on being left for 24h at 4°C the preparation darkens and activity increases considerably. Phenol oxidase activity is not detectable in the supernatant obtained after the water-dilution treatment. The activity of the preparation is retained for at least 1 week when stored at 4°C. Evans (1967) showed that tenfold dilution of the haemolymph from the Chinese Oak silkmoth, Antheraea pernyi, with distilled water resulted in activation of the phenol oxidase, however, no precipitation was reported. In the present work activity of the preparation was assayed by measuring the O2 uptake at 25°C with a Rank oxygen electrode, the incubation mixture being enzyme preparation (0.05ml) and 3. 01111 of 0.01 hi-phosphate buffer, pH6.5, containing 0.01 Mmethyl catechol.
Michaelis constants obtained for methyl catechol, dopa (3,4dihydroxyphenylalanine)
andp-cresol were 4.5 x 1 0 -4~, 4 . 2~ 1 0 -3~ and 1 x 1 0 -3~ respectively. The ability of the enzyme to oxidize monophenols and diphenols classifies it as a tyrosinase (EC 1.14.18. l), although only low amounts of activity were obtained with tyrosine as substrate, and the addition of small amounts of dopa did not have any catalytic effect. Disc electrophoresis of the enzyme preparation and of the supernatant from the waterdiluted plasma separated the protein into the bands shown in Fig. 1 . The enzyme preparation (Fig. l a ) contained two bands and the supernatant (Fig. l b ) seventeen bands. Treatment of the enzyme preparation with Sudan Black B before electrophoresis resulted in the same two-band pattern as shown in Fig. l(a) indicating the presence of lipoprotein in both bands, whereas when the supernatant proteins were treated in the same manner they did not take up the stain. Electrophoresis of the enzyme preparation in the presence of sodium dodecyl sulphate also resulted in two bands, but in a reverse order to that shown in Fig. l(a) . This reversal suggests an aggregation of the protein in the presence of sodium dodecyl sulphate rather than a dissociation. The molecular weights of the minor and major species calculated by this method (Weber & Osborn, 1969) were 105000 and greater than 150000 respectively. Ultracentrifugation of the preparation (60000rev./min at 20°C on a Beckman Model E ultracentrifuge) revealed the presence of a large symmetrical peak with a sedimentation coefficient of 10.9s and a much smaller faster sedimenting peak. From a diffusion run (8000rev./min, 17.5"C) the diffusion coefficient corrected to 20°C was found to be 2.58 x 10-7cm2~sec-1. Taking the Vol. 2 partial specific volume of the protein to be 0.74 (see Chino et al., 1969) and the density of the solvent to be 1.00, on this basis the molecular weight was estimated to be 400000. It is probable that the major peak seen in the ultracentrifuge is the same as the major band seen in disc electrophoresis (Fig. l a ) .
Tyrosinases isolated from other insects are water soluble (Ashida, 1971) . However, in the present work, efforts at further purifying the enzyme by using techniques applicable to water-soluble proteins have not been successful. Gel filtration, ion-exchange chromatography and affinity chromatography did not separate the enzyme from the lipoprotein complex, and with density-gradient isoelectric-focusing unavoidable precipitation of the lipoprotein complex occurred. Since the above procedures failed to separate enzyme activity from the lipoprotein material, a further attempt to do this was made by extraction with butan-1-01 in two ways. First, the enzyme preparation was freeze-dried and extracted with purified, dry butan-1-01 at 0°C repeatedly until all the pigment was removed. Analysis of the butanol extracts by t.1.c. showed the presence of at least seven compounds, six of which had visible absorption spectra characteristic of carotenoids. These results suggest that the lipoproteins in our enzyme preparation may be similar to those found in the haemolymph of the silkmoth by Chino et al. (1969) and Whitmore & Gilbert (1972) . However, the protein recovered from this procedure did not possess catecholase activity indicating either denaturation or removal of a lipoidal activator (Bodine et al., 1937) . Secondly, purified butan-1-01 was added to the enzyme preparation to 20% (v/v) at 0°C and the mixture centrifuged. Enzyme activity was found only in the lipoprotein layer at the water-butanol interface, none being found in the aqueous phase. Thus attempts so far to obtain a water-soluble active enzyme separate from the lipoprotein have failed.
In our enzyme preparation, phenol oxidase activity is closely associated with a lipoprotein complex. Whether this is also the case in vivo or whether the association is due to the water-dilution treatment of the haemolymph is not known. Sekeris & Mergenhagen (1964) have shown that the soluble phenoloxidase precursor in Calliphora erythrocephala binds to subcellular particles, thus co-precipitation of lipoprotein and phenol oxidase could explain the association found. Until activity is obtained separate from the lipoprotein moiety, then the possibility exists that in Sarcophaga barbarta the phenol oxidase is a lipoprotein.
